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Abstract

The ultrastructure of the fossula spongiosa and pretarsus of adult Haematoloecha nigrorufa (Stål) (Heteroptera: Reduvii-

dae: Ectrichodinae) was examined for the first time using scanning electron microscope. The fossula spongiosa of H. ni-

grorufa is located on the ventral surface of the distal part of the tibia of both the fore- and midlegs. The area of the fossula 

spongiosa on the female foreleg is approximately 251338.88 μm2, while the area of the fossula spongiosa on the male fore-

leg is markedly smaller, only about 196548.98 μm2. For both genders the area of the fossula spongiosa on the foreleg is 

approximately 1.50 times as large as that on the midleg. Externally, the ventral surface of the fossula spongiosa is covered 

by a large number of tenent hairs that are evenly interspersed with a few mechanosensory setae. Each tenent hair consists 

of two parts: a hair shaft and an apical plate. A tenent hair is 22.58±1.60 μm in length, 1.90±0.09 μm in shaft diameter, 

and 10.90±0.63 μm2 in apical plate area. Morphologically, the tenent hairs are similar and constitute a nearly uniform hair 

array on the ventral side of the fossula spongiosa. The density of tenent hairs is about 4.46±0.35 hairs per 100 μm2 and the 

total number of tenent hairs is more than ten thousand on the fossula spongiosa of the female foreleg. These tenent hairs 

are presumed to function as adherence during locomotion or prey capture of the assassin bugs. In addition, scanning mi-

crographs and descriptions for the pretarsus are also given.
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Introduction

Phenomena and mechanisms of insects walking on smooth vertical surfaces or even inverted surfaces have 

attracted the interest of scientists for a very long history (Gorb, 2001; Peisker and Gorb, 2012). The extraordinary 

ability for climbing is mainly due to some highly specialized structures, which are widespread among insects. 

Previous studies have revealed that, in their evolution, insects have developed two distinctly different types of 

adhesive structures adapted to substrate attachment during locomotion: hairy adhesive surfaces and smooth flexible 

pads (Gorb and Beutel, 2001; Beutel and Gorb, 2001). 

For almost two centuries, certain groups of Reduviidae (Insecta: Heteroptera) and some other groups of 

cimicomorphan Heteroptera have been known to possess an attachment structure on the legs referred to as “fossula 

spongiosa” (Miller, 1942; Weirauch, 2007). The fossula spongiosa is a hairy attachment structure that belongs to 

the first type of adhesive structures. The fine structure of the fossula spongiosa has been only studied as a 

taxonomic character in detail in few species of Reduviidae, such as Haematorrhophus nigroviolaceus (Reuter) 

(Ectrichodiinae), Peirates affinis Serville (Peiratinae), Rhodnius prolixus Stål (Triatominae), Platymeris biguttata 

(L.) (Reduviinae), Sphaeridops amoenus (LePeletier & Serville) (Sphaeridopinae), and Mirambulus morio Breddin 

(Vesciinae) (Haridass and Ananthakrishnan, 1980; Weirauch, 2007).

As the second largest and one of the most diverse groups of Heteroptera, Reduviidae currently includes more 

than 6, 600 known species worldwide (Weirauch, 2008). Most reduviid species are predators of other insects such 

as carabid beetles, field gryllids, or millipedes (Haridass and Ananthakrishnan, 1980). Consequently some 
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modifications or specialized structures often occur on the foreleg or both the fore- and midlegs for efficient prey 

capture in predatory Reduviidae. These structures show very considerable morphological diversities, which are 

exhibited by the tibiae and femora of both the fore- and midlegs that armed with spines or teeth or with numerous 

thick setae (Miller, 1938; Haridass and Ananthakrishnan, 1980). The fossula spongiosa is located on the ventral 

surface of the apex of the tibia, and its ventral surface is covered by a tremendous number of tenent setae (Gillett 

and Wigglesworth, 1932). Besides being explained as a tool for prey capture (Miller, 1938; Miller, 1942; Edwards, 

1962; Edwards and Tarkanian, 1970), the fossula spongiosa was also interpreted as a device assisting in locomotion 

(Gillett and Wigglesworth, 1932; Wigglesworth, 1938). Regardless of the biological function of the fossula 

spongiosa, the huge number of tenent setae on it possibly implies that a strong adhesion may be present to make it 

easily attach to a relatively smooth surface like the elytron of the beetles.

Haematoloecha nigrorufa (Stål, 1867) (Heteroptera: Reduviidae: Ectrichodinae) is a common and widespread 

species of assassin bugs in China (Sichuan, Fujian, Jiangxi, Zhejiang, Jiangsu, Shanxi, Gansu, Beijing, Liaoning) 

and some other Asian countries. The species is long ellipsoid in shape and bright red with brown-black scutellum 

and wing membrane (Fig. 1A). The female adults are slightly larger than the male adults (Table 1). Living on the 

ground, under stones or in the vegetation, H. nigrorufa is predaceous and beneficial insect, mainly feeding on some 

arthropod pests.

This paper contains observations on the fossula spongiosa and pretarsus of H. nigrorufa that expands the 

knowledge of the morphology of the Oriental Reduviidae. A description of the external morphology, number, 

measurements, and distribution of the tenent hairs that are found on the fossula spongiosa of this species is 

presented herein. 

Material and methods

Insects. Dry, pinned museum specimens of Haematoloecha nigrorufa, captured in September 2004 in the suburbs 

of Beijing, China were studied. The specimens were obtained from the Insect Collection of China Agricultural 

University, Beijing, China.

Scanning electron microscopy preparation. The tibiae with tarsi and pretarsi of fore-, mid- and hindlegs 

were removed from the bodies separately after the dried specimens were intenerated. They were then rinsed three 

times with ultrasound in chloroform, dehydrated in an ascending series of ethanol (50%, 70%, 80%, 90%, 95%, 

and 100%×3), critical-point-dried, mounted on stubs with double-side adhesive tape, sputter-coated with gold, and 

examined with a Quanta 450 scanning electron microscope (FEI Co. Ltd., Oregon, USA). The dimensions of the 

fossula spongiosa and its tenent hairs were measured from digital pictures using Image-Pro Plus 6.0 image-analysis 

software.

Terminology. Morphological terminology mostly follow that of Weirauch (2005) and Weirauch (2007).

Results

Gross morphology. In H. nigrorufa, the ventral distal surfaces of the tibiae of the fore- and midlegs are similar, 

and the fossula spongiosa occurs on both of them (Figs. 1B, 1C). They are obviously different from the ventral ends 

of the tibiae of the hindlegs, which are covered with long, thick, stiff setae (Figs. 1D, 2C). Morphologically, the 

tarsi and pretarsi have no distinct difference on all three pairs of legs (Figs. 1B–D). All tarsi consist of three 

tarsomeres and are covered with sparsely distributed, stiff setae, denser on the ventral side of the tarsomeres (Fig. 

2D).The pretarsi are free of adhesive pads and equipped only with paired simple claws (Figs. 1B–D, 2D, 2E, 2G).

Fossula spongiosa. The fossula spongiosa in adult H. nigrorufa is located on the ventral surface of the apex of 

the tibiae of both fore- and midlegs (Figs. 1B, 1C). It is a cushion-like expanded area that is densely covered with 

short adhesive setae, and is long oval-shaped in outline in ventral view (Figs. 2A, 2B). The area of the fossula 

spongiosa is approximately 251338.88 µm2 on the female forelegs and about 163570.66 µm2 on the female midlegs 

(Table 1). In comparison with the female, the area of the fossula spongiosa in male is markedly smaller, 

approximately 196548.98 µm2 on the forelegs and about 129266.62 µm2 on the midlegs (Table 1). For both genders 

the area of the fossula spongiosa on the forelegs is approximately 1.50 times as large as that on the midlegs (Table 1).
 Zootaxa 3963 (2)  © 2015 Magnolia Press  ·  231FOSSULA SPONGIOSA OF HAEMATOLOECHA NIGRORUFA



TABLE 1. The area and the total number of tenent hairs of the fossula spongiosa on the fore- and midlegs of female and 

male adult Haematoloecha nigrorufa.

FIGURE 1. External morphology of the fore-, mid-, and hindleg in adult Haematoloecha nigrorufa. A. Adult, dorsal view. B. 

Fossula spongiosa on foreleg, ventral view. C. Fossula spongiosa on midleg, ventral view. D. Absence of fossula spongiosa on 

hindleg, ventral view. Abbreviations: fs, fossula spongiosa; prt, pretarus; tar, tarsus; tib, tibia.

Structurally, there are two types of setae occurring on the ventral surface of each fossula spongiosa (Figs. 3A–

C, 3E–F). Setae of the first type are referred to as tenent hairs (acanthae) by Weirauch (2007), which occur at all 

over the ventral surface of the fossula spongiosa (Figs. 2A, 2B, 3A–F) and are embedded in the cuticle without 

sockets (Figs. 4A–C). They are characterized by an ellipsoid plate located at the distal tip of each tenent hair (Figs. 

Individuals Size Foreleg Midleg A
F
 / A

M

Length in 

mm

Width in 

mm
Area in µm2 (A

F
) Total number of 

tenent hairs
Area in µm2 

(A
M
)

Total number of 

tenent hairs

Female 14.4 5.5 251338.88 11210±880 163570.66 7295±573 ~1.54

Male 13.5 4.6 196548.98 8766±688 129266.62 5765±452 ~1.52
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3A–F). The average diameter of this apical plate is 3.68±0.11 µm (n=50) and its area size is 10.90±0.63 µm2 (n=50) 

(Table 2). The dorsal surface of the apical plate has some small protuberances (Figs. 4B, G), and the ventral surface 

of the apical plate is nearly smooth excepting a small residue observed that exist some secretion solidification 

(Figs. 4A, 4B, 4D–F). The proximal margin of the apex of the tenent hair bears a small indentation, which seems to 

be the opening of a pore leading to the tubular interior of the hair (Figs. 4E, 4F). The hair shaft is 22.58±1.60 µm 

(n=50) long with the average diameter of 1.90±0.09 µm (n=20) (Table 2). The hair shaft is hollow and furnished 

with two conspicuous longitudinal grooves at its dorsal surface (Figs. 4B, 4F). Setae of the second type are 

mechanosensory setae and they taper gradually towards their free extremity and project very slightly beyond these 

tenent hairs (Figs. 3A–C, 3E, 3F). They are evenly interspersed among the cluster of the tenent hairs, usually 

separated by about ten tenent hairs (Figs. 3A, 3B). A mechanosensory seta arises from a mound-like base (Fig. 3F), 

which probably is the outer portion of the sense organ mentioned by Gillett and Wigglesworth (1932) and Weirauch 

(2007).

TABLE 2. Measurements of the hair array on a fossula spongiosa in adult Haematoloecha nigrorufa.

The structural similarity of the tenent hairs makes them constitute a nearly uniform hair array on the ventral 

side of the fossula spongiosa (Figs. 3A–F). Almost all hair shafts are straight except for a small number of tenent 

hairs having curved hair shafts that are located on the distal edge of the fossula spongiosa (Figs. 3E, 3F, 4A, 4C). 

The density of tenent hairs on each fossula spongiosa is 4.46±0.35 hairs per 100 µm2 (n=7) (Table 2). The total 

number of tenent hairs is about 11210±880 on the female foretibial fossula spongiosa, approximately 7295±573 on 

the female midtibial fossula spongiosa (Table 1). The total number of tenent hairs is about 8766±688 on the male 

foretibial fossula spongiosa, approximately 5765±452 on the male midtibial fossula spongiosa (Table 1). All 

straight tenent hairs are nearly paralleled (Figs. 3E, 4A), the axis of which and the ventral plane of the fossula 

spongiosa form a 50.05±2.12° (n=10) angle in longitudinal direction of the fossula spongiosa (Table 2). The 

minimum distance between two centers of adjacent hair tips, 5.42±0.64 µm (n=50), approximately equals to the 

smallest distance of two centers of adjacent hair bases, 5.33±0.84 µm (n=50) (Table 2).

Pretarsus. Externally, the sclerotized structures of the pretarsus of H. nigrorufa consists of paired claws, a 

median sclerite, paired parempodial sclerites with paired parempodial setae and the unguitractor plate with a distal 

extension and its lateral arms (Figs. 2E–H), resembling the fine structure of the pretarsus in Rhodnius prolixus Stål 

(Heteroptera: Reduviidae: Triatominae) (Weirauch, 2005). The pretarsus arises from the tarsal pouch that located 

on the distal end of the 3rd tarsomere of the tarsus, and two lateral setae are observed along the margin of the 3rd 

tarsomere (Figs. 2F, 2H). The paired and symmetrical claws of the pretarsus are big basally, sharp apically, 

longitudinally ridged on their inner surface, and reticulate on their outer surface (Figs. 3E–H). Claws of the fore- 

and midlegs are about 300 µm in length and 60 µm in basal width, while claws of the hindlegs are approximately 

330 µm in length and 60 µm in basal width.

Measured parameters Values

Density of tenent hairs in 100 µm2 4.46±0.35 (n=7)

Hair length/µm 22.58±1.60 (n=50)

Diameter of hair shaft/µm 1.90±0.09 (n=20)

Area of hair apical plate/µm2 10.90±0.63 (n=50)

Average diameter of hair apical plate/µm 3.68±0.11 (n=50)

Distance between centers of adjacent hair tips/µm 5.42±0.64 (n=50)

Distance between centers of adjacent hair bases/µm 5.33±0.84 (n=50)

Angle between hair axis and ventral plane of fossula spongiosa /(°) 50.05±2.12 (n=10)
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FIGURE 2. Scanning micrographs for structures of the distal part of tibia, tarsus, and pretarsus in adult Haematoloecha 

nigrorufa. A. Close-up of foretibial fossula spongiosa, ventral view. B. Close-up of midtibial fossula spongiosa, ventral view. 

C. Close-up of hindtibia, ventral view. D. Tarsus of the midleg. E, F. Ventral view of pretarsus and its close-up. G, H. Lateral 

view of pretarsus and its close-up. Abbreviations: c, claw; ls, lateral seta of rim of distal tarsomere; ms, median sclerite; prt, 

pretarus; ps, parempodial seta; psc, parempodial sclerite; tar I, the 1st tarsomere; tar II, the 2nd tarsomere; tar III, the 3rd 

tarsomere; up, unguitractor plate; vs, ventrolateral seta of rim of distal tarsomere.
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FIGURE 3. Hair array on a fossula spongiosa in adult Haematoloecha nigrorufa. A–D. Array of tenent hairs, ventral view. E. 

Array of tenent hairs, lateral view. F. Array of tenent hairs, distal aspect. Abbreviations: mb, mound-like base; ms, 

mechanosensory seta; th, tenent hair. White arrow indicates distal direction.
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FIGURE 4. Structures of tenent hairs on a fossula spongiosa in adult Haematoloecha nigrorufa. A. Straight tenent hairs at the 

middle part of fossula spongiosa. B. Tubular shaft and apical plate of tenent hairs. C. Curved tenent hairs on the distal edge of 

fossula spongiosa. D. Apical plate of tenent hairs, distal aspect. E–G. Close-up of apical plate of tenent hairs, ventral, lateral and 

dorsal views. Abbreviations: ap, apical plate of tenent hair; ap-ds, apical plate, morphologically distal surface; ap-ps, apical 

plate, morphologically proximal surface; g, longitudinal groove; hs, hair shaft; ts, tubular shaft. White arrow indicates 

indentation on the proximal surface of the apex of a tenent hair, which seems to be the opening of a pore leading to the tubular 

interior of the hair.
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Discussion

The general patterns of fossula spongiosa and pretarsus of H. nigrorufa (Stål) are similar to those observed in 

Brontostoma colossus (Distant), Ectrichodia crux (Thunberg) and Nularda nobilitata (Stål), Ectrychotes andreae 

(Thunberg), E. comotti Lethierry and Labidocoris pectoralis (Stål) (Weirauch, 2005; Liang, unpubl. data), all 

belonging to the Ectrichodinae. However, there are variations on the size, total number of the tenent hairs and setal 

density of the fossula spongiosa and on the shape, orientation and length of the claws and the parempodial setae of 

the pretarsus of each species. This suggests that the structures of fossula spongiosa and pretarsus are of taxonomic 

value in Reduviidae at both the higher group and species level (see Weirauch, 2005). Examination of these 

structures in more representative species is needed. 

In insects, the hairy adhesive structures used in locomotion or attachment are numerous and diverse. The 

specialized adhesive structures in insects are not restricted to one particular area of the legs and may occur on 

different parts of the legs such as claws, derivatives of pretarsus, tarsal apex, tarsomeres, or tibia (Beutel and Gorb, 

2001). The fossula spongiosa in Reduviidae is located on the ventral surface of the apex of the tibia (Gillett and 

Wigglesworth, 1932) and is restricted either to the foreleg or occurs on the fore- and midlegs, but the fossula 

spongiosa is also known to develop on all three pairs of legs (Lent and Wygodzinsky, 1979; Weirauch, 2007).

The present study demonstrates that the fossula spongiosa of H. nigrorufa is present on both the fore- and 

midlegs but absent on the hindlegs. The distribution of the fossula spongiosa may reflect its biological function: a 

tool for prey capture. According to Weirauch (2007), there are two arguments in favor of an important role of the 

fossula spongiosa in prey capture. Firstly, all three pairs of legs are used for locomotion in most reduviid species 

but only the fore- and midlegs of predatory Reduviidae grasp the prey. Secondly, many of the groups of Reduviidae 

that have a prominent fossula spongiosa appear to be mostly ground dwelling and rarely encounter smooth surfaces 

in their natural environment. However, the fossula spongiosa was also interpreted as a device assisting in 

locomotion (Gillett and Wigglesworth, 1932; Wigglesworth, 1938). No matter what the biological function of the 

fossula spongiosa is, physically the design of this specialized adhesive structure aims to increase the adhesive force 

and frictional force.

The fossula spongiosa is known to be sexually dimorphic—larger in males than in the females of some taxa in 

Triatominae (Lent and Wygodzinsky, 1979). The fossula spongiosa in H. nigrorufa also shows sexual dimorphism, 

but it is different from the former situation. The present measured data reveal that the area of the fossula spongiosa 

in H. nigrorufa is larger in females than in males. It means that the adhesive force of the fossula spongiosa in H. 

nigrorufa may be greater on the female legs than on the male legs. This can be explained by the fact that the female 

adults are a little bit larger than the male adults (Table 1). Attachment force increases with the increase in number 

of adhesive setae (Stork, 1980). When the density of tenent hairs is similar, the larger female adults need a larger 

fossula spongiosa to provide more tenent hairs for stronger adhesion.

The ventral surface of the fossula spongiosa is a nearly uniform hair array. The hair array of the female 

foretibial fossula spongiosa consists of more than ten thousand tenent hairs and about hundred mechanosensory 

setae. The number of these tenent hairs is far greater than that on the pulvilli in Episyrphus balteatus De Geer 

(Diptera: Syrphidae) (Gorb, 1998). In addition, the fine structure of the tenent hairs on the fossula spongiosa in H. 

nigrorufa resembles closely those on the pulvilli in E. balteatus (Gorb, 1998) and the discoidal hairs on the tarsi in 

Gastrophysa viridula (De Geer) (Coleoptera: Chrysomelidae) (Bullock and Federle, 2011). The tip of the tenent 

hairs is enlarged and disk-shaped. The particular geometry of the tip is beneficial for the tenent hairs to form a 

relatively large contact area with a smooth surface such as the elytron of the beetles during predation and achieve 

strong adhesion. Force measurements on three different tarsal hair types (the discoidal hairs, spatulate hairs and 

pointed hairs) in G. viridula revealed that discoidal hairs were more adhesive than either of the other hair types 

(Bullock and Federle, 2011). The external morphology of the tenent hairs in H. nigrorufa is similar to the discoidal 

hairs, suggesting the same functional role for both of them—the stronger adhesion on smooth surfaces. Moreover, 

the indentation appears on the proximal margin of the apical plate of the tenent hair may be related to some 

secreted fluids. Previous study has reported that the adhesive secretions released by the fossula spongiosa of 

reduviid bugs are considered to play a central role in the adhesion of hairy attachment structures to the substrate 

(Edwards and Tarkanian, 1970).

Hairy adhesive structures such as the fossula spongiosa represent an optimized design for smooth surface 

attachment, whereas the claws seem to easily attach to rough surfaces, especially when surfaces roughness is much 
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bigger than the claw tip diameter (Dai et al., 2002). The pretarsus of H. nigrorufa possesses a pair of well-

developed claws. The claws are stout basally and have sharp tips. The longitudinal ridges on their inner surface and 

reticulation on their outer surface make the claws become very strong. The physical properties of the claws are 

unknown now and need to be studied in the future.

The hairy array on the fossula spongiosa in H. nigrorufa is nearly uniform. It is not as complicated as the setal 

arrays on the pulvilli in E. balteatus (Gorb, 1998) and the tarsi in G. viridula (Bullock and Federle, 2011). The 

former has only a sort of adhesive hairs, but there are two or three types of adhesive setae for the latter two species. 

The fossula spongiosa in H. nigrorufa may therefore be a simple model for the study of hairy attachment system. 

Measuring adhesive performance at the levels of individual tenent hairs and the whole fossula spongiosa should be 

done in the future work to further understand the design of this biological hairy adhesive structure.
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